The purpose of this paper is to present evidence that in man there is a tract which originates in the spinal cord, ascends in the medulla and pons with the cortico-spinal tract, and runs through the internal capsule towards the cerebral cortex. It is also our purpose to draw attention to the older literature on this subject, and to review the evidence presented there.
In 1893 Sottas published a short report entitled "On Retrograde Degeneration of the Pyramidal Tract ", in which he described four cases of syphilitic softening of the thoracic region of the cord. In these cases he found degeneration cranial to the lesion in the region of the lateral cortico-spinal tract, which he traced into the cervical cord. In 1894 Gombault and Philippe reported similar findings in four cases. Raymond (1894) also reported a case of syphilitic transverse myelitis; he found, cranial to the lesion in the upper thoracic cord, "considerable diminution of myelinated fibres" and sclerosis in the region of the lateral cortico-spinal tracts; these changes faded cranially, and could not be seen above the third cervical segment; the region of the ventral cortico-spinal tracts was normal. In 1895 Egger found in a case of compression of the cord degeneration in the ventral and lateral cortico-spinal tracts cranial to the lesion; he considered that these were short intersegmental fibres. In 1896 Dejerine and Sottas reported a case of transverse myelitis due to syphilis; they traced degeneration in the region of the lateral and anterior cortico-spinal tracts up into the decussation of the pyramids. In the same year, Dercum and Spiller reported a case of syringomyelia with " ascending (cellulipetal, retrograde) " degeneration involving the lateral and ventral corticospinal tract on one side. The most cranial part of the lesion was in the mid-thoracic region. The degeneration could be traced in the lateral corticospinal region to the second cervical segment and in the ventral cortico-spinal region to the pyramidal decussation. In 1898 Spiller reported another case. Further cases have been reported by Worotynski (1897), Stewart (1901) , Petren (1903) , and Ramsay Hunt (1904) . In 1905 Bing reported the case of an infant with anterior poliomyelitis, affecting particularly the upper lumbar segments of the cord. The regions of the anterior and lateral cortico-spinal tracts were full of degeneration granules. From the nature of the pathology Bing had no doubt that these degenerating fibres originated in the grey matter of the cord. He concluded from the position of the degenerating axons that the cells of origin of the ascending fibres within the region of the lateral cortico-spinal tract were situated in the anterolateral part of the posterior horns and the cells of origin of the ascending fibres within the region of the ventral cortico-spinal tract were in the medial part of the anterior horns. Those in the ventral cortico-spinal tract could be traced cranially throughout the length of the cord; from their position abutting against the median fissure, Bing reckoned them to be part of Marie's faisceau sulco-marginal ascendant. He could not trace the fibres within the lateral cortico-spinal tract above the twelfth thoracic segment. He referred to this case again in his monograph on the spino-cerebellar system (1907) , stating that these are ascending endogenous fibres "which can be followed several segments upwards".
From surveying this literature, it is clear that the workers who first described these degenerating fibres never considered that they might be dealing with a true spino-cortical tract. Sottas, Gombault and Philippe, Raymond, Dejerine and Sottas, Dercum and Spiller, Spiller, and Ramsay Hlunt, all All these earlier observations seem to have been forgotten. Tower (1944) for instance wrote: " All that can be said with certainty is that all fibres running lengthwise in the medullary pyramids are descending fibres ". And Brodal and Walberg (1952) : " It was surprising to discover in an experimental cat material prepared for other purposes that there are, in fact, ascending fibres in the pyramid and that such fibres take origin in the spinal cord". And later in the same paper, they wrote: " It may seem strange that these fibres, as far as we know, have not been observed by previous authors."
Brodal and Walberg's work is particularly important, for they not only showed degeneration in these fibres in the cat by means of the Marchi method, but they also showed it in serial sections stained by Glees' silver method. They were able to follow their ascending fibres into the sixth layer of the cortex: " They could be followed in decreasing numbers to the second layer, the external granular lamina." The area concerned was "the anterior part of the posterior sigmoid gyrus"; this is the region containing the giant pyramidal (Betz) cells. They observed that the cervical component of this ascending tract " appears to be relatively most important, since there is a pronounced difference between the results of high cervical and those of mid-thoracic lesions ", and they found that " the more caudal the lesion, the more moderate the number of degenerating fibres".
During from the first group, and so these cases will be considered in detail; the cases of the second group provide supporting evidence.
Marchi preparations and/or cell and fibre preparations were made of all levels of the cord and brain, excluding the corona radiata and cortex.
Observations Case 37 will be taken as an example of the degeneration found in the four cervical cases.
Operation Level (Fig. 1 ).-The operation was performed at the third cervical segment. The lesion caused by the operation extended dorsally to All photographs are from Marchi preparations. Degenerating fibres are stained black. First Cervical Segment (Fig. 2 ).-Degenerating fibres are present in the ventral part of the lateral cortico-spinal tract. In addition, degeneration is present in the spino-cerebellar, spino-thalamic, and associated tracts.
Upper Level of Pyramidal Decussation (Fig. 3 ). -Degenerating fibres can be seen crossing in the pyramidal decussation and also scattered throughout the pyramids. The greater number are in the right pyramid, contralateral to the lesion.
Pyramids (Fig. 4 ).-As in the previous section, the degenerating fibres are scattered diffusely throughout the pyramids, mainly on the right side. There is considerable variation in the size of the Marchi bodies, many being large, comparable to the degenerating fibres of the dorsal spino-cerebellar tract.
Pons (Fig. 5 ).-The degenerating fibres here, as in the pyramids, are diffusely scattered through the bundles of descending fibres ; the majority of them are on the right side. There appear to be fewer degenerating fibres here than in the pyramids.
Internal Capsule (Fig. 6 ).-Here the degenerating fibres are concentrated in a small area in the posterior part of the internal capsule. This region is that occupied by the temporo-pontine tract. There are definitely fewer degenerating fibres here than in the more caudal sections.
In Case 35 (Figs. 7, 8, and 9) there were two lesions in the spinal cord. In addition to the surgical lesion made on the left side of the cord at the level of the third cervical segment, there was a small area of softening on the right side at the same level, involving the dorso-lateral region (Fig. 7) . Degenerating fibres can be traced cranially from both these lesions. In Fig. 8 they are shown in the pyramidal decussation. In Fig. 9 they are shown in a horizontal section of the internal capsule at the level of the dorsal limit of the thalamus. It is to be noted that there is a considerable number of these fibres still present at this level, although the lesion was not extensive and the period of survival was long (112 days). In Case 39 a particularly large number of degenerating fibres is present. The extent of the lesion in the cord is shown in Fig. 10 ; it will be noted that in this case it was extensive. Numerous degenerating fibres in the pyramidal decussation are shown in Fig. 11 The course of these spino-cortical fibres is as follows. Most, but not all of them, cross in the pyramidal decussation. They are diffusely scattered in the pyramids and in the cortico-spinal tract area of the pons; further cranially they become concentrated into a small region of the crus and of the posterior part of the internal capsule. In the highest levels of the internal capsule they are confined to the retro-lenticular area. Thus in the capsule their course is not the same as that of the descending cortico-spinal fibres, for they lie posterior to the cortico-spinal tract in the region of the temporo-pontine tract. It seems that many of these ascending fibres must go to the cortex, for there is no other grey matter at this level. It is clear from the fact that there is a gradual diminution in the number of these fibres as they course cranially that not all of them run to the cortex, or even as high as the thalamus, but the end-stations of these shorter fibres have not so far been determined.
It will be remembered that the lesion in our cases was limited to the anterior part of the lateral cortico-spinal tract. It is possible that fibres from the entire cross-sectional area of the lateral corticospinal tract do not all go into the retro-lenticular part of the internal capsule.
As has been stated, these fibres were most numerous when the lesion was in the upper cervical cord. Brodal and Kaada (1953) . They picked up changes in potential difference from the cat's medullary pyramids, following stimulation of cutaneous, muscular, and mixed peripheral nerves in all limbs. Their findings indicated that the ascending fibres at the level of the pyramids are diffusely scattered throughout the area of the cortico-spinal tract. The majority of the ascending fibres appear to be crossed. As, then, there is such a tract in the cat it is reasonable to expect that the fibres we have described do form a spino-cortical tract in man. We therefore interpret our evidence as indicating that this is a true ascending tract, arising mainly in the cervical segments and running to the cerebral cortex. If this work is eventually confirmed by others it will be established that there is a direct pathway from the spinal cord to the cerebral cortex capable of conducting impulses at great speed. This would be the only direct pathway known not having any synapses between the cord and the cerebral cortex.
A NOTE ON RETROGRADE DEGENERATION
Forty years after Tiurck's first description (1851) of the cortico-spinal tract, Sottas (1893), Gombault, and Philippe (1894) , and Raymond (1894) described this ascending degeneration within the area of the tract. During these years the idea of a descending cortico-spinal tract had become so firmly fixed that neurologists assumed that degeneration in this area necessarily involved descending cortico-spinal fibres, and therefore must be an example of retrograde degeneration. It came about that the degeneration in the ascending fibres of the lateral cortico-spinal tract area-which Brodal and Walberg (1952) and Brodal and Kaada (1953) , and ourselves consider to be a spino-cortical tract-was taken as the typical example of retrograde degeneration. The differences which these earlier workers found in the degeneration of these ascending fibres and that of known descending tracts are due to features of this particular case. For example, the fact that degeneration in the area of the cortico-spinal tract cranial to the lesion was scattered throughout the region of the tract was taken as a main point of differentiation between retrograde degeneration and Wallerian degeneration, for it was claimed that in the latter the entire tract degenerates. However, if these are ascending fibres scattered diffusely among the descending corticospinal fibres, it is clear that when only the former degenerate the picture is bound to be one of scattered degeneration. The concept of retrograde degeneration soon became universally accepted, and yet the basic example of this kind of degeneration is now seen to be based on a wrong interpretation of the evidence.
This subject of retrograde degeneration is so important that we include here this note devoted to it.
Waller (1850) thought that the process of degeneration occurs only in the peripheral separated portion of a nerve. Subsequent workers, however, found changes in the central end of a divided nerve. Klippel and Durante (1895) reported their observations on man and experimental animals and reviewed the subject of degeneration in a series of five papers. They recorded retrograde degeneration (degenerescence cellulipete) in various tracts and peripheral nerves. They stated that retrograde degeneration can be distinguished from Wallerian degeneration (degenerescence cellulifuge), as in the former the myelin sheath degenerates, often leaving the axons unaffected, whereas in the latter the axons degenerate before the myelin sheaths. When Gombault and Philippe (1894) described the changes they saw in the ascending fibres of the cortico-spinal tract, they believed, in company with other workers of the time, that retrograde degeneration commonly occurs in the central nervous system in man. They noticed that the picture was very like that of Wallerian degeneration, but, searching for differences, they concluded that in this case some of the fibres showed degeneration of the myelin sheaths without degeneration of the axis cylinders, and that in this kind of degeneration there were no normal fibres immediately cranial to the lesion, although they were to be found in increasing number as the tract was followed cranially.
In the subsequent years many other workers investigated the question of retrograde degeneration; the majority of them could not find or produce this kind of degeneration. Nevertheless, Ramsay Hunt (1904) These fibres, intermingled with those of the cortico-spinal tract, run through the pyramidal decussation into the pons. In the cerebral peduncle and internal capsule they lie posterior to the cortico-spinal tract in the region occupied by the temporo-pontine fibres.
In this material most of these fibres were found to be arising in the upper cervical segments of the cord.
It is concluded that these fibres form a spinocortical tract.
